Background: Infections in cirrhotic patients with upper gastrointestinal bleeding are a common event causing severe complication and mortality. This study aimed to identify risk factors that may predict rebleeding, bacterial infections, and the impact of antibiotic prophylaxis on mortality at different stages of cirrhosis following acute peptic ulcer bleeding (PUB). Methods: A hospital-based retrospective cohort study was conducted on 235 cirrhotic patients with acute peptic ulcer hemorrhage who underwent therapeutic endoscopic procedures between January 2008 and January 2014 (n = 235); of these, 88 patients received prophylactic intravenous ceftriaxone (antibiotic group) and 147 patients did not (nil-antibiotic group). The recorded outcomes were length of hospital stay, bacterial infection, rebleeding, and in-hospital mortality. Results: Forty-eight (20.4 %) patients experienced ulcer rebleeding and 46 (19.6 %) developed bacterial infections. More patients suffered from infection and recurrent bleeding in the nil-antibiotic group than the antibiotic group (25.2 % vs. 10.2 %, p = 0.005 and 30.6 % vs. 3.4 %; p < 0.001, respectively). The predictive risk factors for rebleeding were the Rockall score (p = 0.004), units of blood transfusion (p = 0.031), and no antibiotic prophylaxis (p <0.001); for bacterial infections, they were the Child-Pugh score (p = 0.003), active alcoholism (p = 0.035), and no antibiotic prophylaxis (p = 0.009). Overall, 40 (17 %) patients died during hospitalization. The Rockall score and rebleeding were predictive factors for in-hospital mortality. In subgroup analysis, survival was significantly reduced in decompensated patients (p = 0.034).
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Conclusions: This study suggests that antibiotic prophylaxis after endoscopic hemostasis for acute PUB prevented infections and reduced rebleeding events in cirrhotic patients. Antibiotic prophylaxis improved survival among decompensated cohort following PUB. The Rockall score and rebleeding were predictive risk factors for in-hospital mortality.
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Background
Upper gastrointestinal bleeding in cirrhotic patients is associated with an increased rate of failure to control bleeding and can result in mortality when bacterial infections occur [1, 2] . This is evidenced by reports demonstrating that oral administration of non-absorbable antibiotics markedly reduces the incidence of bacterial infections in cirrhotic patients with gastrointestinal hemorrhage [3] . Patients with cirrhosis are at risk for both variceal and nonvariceal causes of upper gastrointestinal bleeding; however, only variceal bleeding has been widely studied. Nevertheless, there remains one third of nonvariceal upper gastrointestinal bleeding in cirrhotic patients due to peptic ulcers (PU) as reported in the literature [4] . In addition, bleeding PU have been associated with substantial morbidity and mortality in cirrhotic patients [5] . A multicenter prospective study from Italy reported that 10 % of patients with cirrhosis rebleed and 15 % of them died within 6 weeks after acute nonvariceal upper gastrointestinal bleeding [5] .
Bacterial infection is more prone to initiate a systemic inflammatory response syndrome and increases the probability of death in patients with decompensated cirrhosis [6] . Generally, cirrhotic patients with PUB become infected and rebleed more frequently compared to noncirrhotic patients [4] . To our knowledge, prognosis after treating acute PUB has not been well studied in cirrhotic patients. Most studies on antibiotic prophylaxis in cirrhotic patients have focused on those with variceal hemorrhages [7] [8] [9] . Therefore, we conducted this study to identify the risk factors that predict re-bleeding, bacterial infections, mortality and the impact of antibiotic prophylaxis on death at different stages of cirrhosis following acute PUB.
Methods

Ethics statements
This retrospective chart review study was approved by both the Institutional Review Board and Ethics Committee of Chang Gung Memorial Hospital, Taiwan (IRB103-5018B). The Ethics Committee waived the requirement for informed consent, and each patient's medical records was anonymized and de-identified prior to access. All patients provided their written inform consent before endoscopic interventions.
Patient population
This was a hospital-based retrospective cohort study including 426 cirrhotic eligible patients with PUB who underwent endoscopic interventions over a 6 year period between January 2008 and January 2014. The following patients were excluded from the study: (1) presence of any of the following signs of infection; fever >38°C, white blood cell count >10 000/mm 3 , immature neutrophils >500/mm 3 , a polymorphonuclear cell count in ascitic fluid >250/mm 3 , ≥15 leukocytes/field in the fresh urine sediment, or data compatible with pneumonia on the chest X-ray (n = 105), (2) allergy to cephalosporins (n = 2), (3) patients who received oral/parenteral antibiotics in the week prior to the procedure (n = 18), (4) a source of upper gastrointestinal bleeding other than PUB (n = 37), (5) patients who died within the first day after admission (n = 3), (6) patients who did not complete the in-hospital follow-up period (n = 26). A total of 235 patients were recruited into current study (male/female: 181/54; mean age: 62.2 ± 13.6 y). Those patients who received prophylactic intravenous infusion of ceftriaxone at 1 g per 12 h were classified as the antibiotic group (n = 88) in contrast to the control group who did not receive antibiotics (n = 147). The antibiotic group has been routine practice to prescribe prophylactic antibiotics to cirrhotic patients with gastrointestinal bleeding in our hospital since the year 2010 according to guidelines. On the other hand, those patients belonged to control group attended the hospital between January 2008 and December 2009. The antibiotic prophylaxis was given immediately after patients receiving endoscopic treatment and two sets of blood culture were obtained before administering the antibiotics even these patients did not encounter infections according to our hospital policy.
PUB was defined by the existence of signs of hematemesis, coffee ground vomitus, hematochezia, or melena and proven high-risk ulcers by endoscopy that were defined according to the Forrest classification [10] . High risk bleeding stigmata were referred for endoscopic view of active bleeding, visible vessels, or adherent clots. Patients' performance status was stratified according to the Rockall classification [11] . Blood transfusions were given to maintain hematocrit levels between 25 % and 30 %. Patients with PUB were treated with intravenous high dose pantoprazole (80 mg intravenous bolus followed by 200 mg continuous infusion for three days).
Data collection and analysis
The first authors abstracted following information from patient records (including written charts and electronic data sources). All patients had a complete medical assessment at initial hospital admission, including documentation of clinical, biochemical, and endoscopic factors that might contribute to rebleeding and mortality. The registered clinical variables were demographic data, clinical manifestations of bleeding, and the use of tobacco, alcohol, aspirin, clopidogrel, and non-steroidal antiinflammatory drugs (NSAID); co-morbidities such as diabetes mellitus, cardiovascular disease, stroke, end-stage renal disease, and chronic pulmonary disease were analyzed. Other clinical characteristics such as age, sex, and hemodynamic instability on admission and laboratory data such as white blood cell count, hemoglobin, platelet count, prothrombin time, serum creatinine, serum albumin, and total bilirubin were analyzed. The recorded endpoints were occurrence of infection, rebleeding, length of hospital stay, and in-hospital death.
Definitions
Time to endoscopy was defined as the time interval from admission via the emergency department to initial endoscopy, expressed in hours. The diagnosis of liver cirrhosis was based on clinical, laboratory, abdominal ultrasonographic, or histological findings [12] . Decompensated liver cirrhosis was used to describe patients complicated by ascites, jaundice (bilirubin level >3.0 mg/dl), and a history of identified varices or hepatic encephalopathy. Diagnosis of hepatitis C and B virus-related liver disease was determined with specific viral markers (HBsAg or anti-HCV). Alcohol-related liver disease was defined as daily alcohol consumption >80 g in men and >40 g in women for at least 10 years with negative viral, metabolic, and autoimmune markers [13] . Active alcoholism is defined as a continuing daily alcohol intake over 20 g in patients with alcoholic cirrhosis [13] .
Rebleeding was defined as a new onset of hematemesis, melena, or both associated with tachycardia or hypovolemic shock or a decrease in serum hemoglobin level of >2 g/dl after successful endoscopic and pharmacological treatment and hemodynamic stability of at least a 24 h period of stable vital signs [14] .
A diagnosis of bacteremia was made when the presence of viable bacteria in the blood and the clinical picture was consistent with this diagnosis. The diagnosis of spontaneous bacterial peritonitis was made when a positive culture of ascitic fluid was obtained with an ascitic fluid neutrophil count ≥250 neutrophils/μl [15] . The diagnosis of pneumonia was made by clinical, radiological, and bacteriological data. The diagnosis of urinary tract infection was made when a positive culture of urine (10 5 ≥ colonies/ml) was obtained with a urine neutrophil count >10 neutrophils/μl and associated clinical pictures.
Statistical analysis
All results were expressed as means ± standard deviations for continuous variables and as relative frequencies or percentages for categorical variables. Distributions of continuous variables were analyzed by the X 2 test, the Fisher's exact test, or the independent sample t-test, depending upon the type of data analyzed for the two groups where appropriate. The Kaplan-Meier analysis with the log-rank test was used to compare differences of death rates between the two groups. Variables were analyzed using the multivariate Cox proportional hazard model to determine independent predictive factors of infection, rebleeding, and mortality. All the variables in univariate analyses were analyzed in multivariate analyses. The results were expressed as a hazard ratio (HR) with 95 % confidence intervals. All statistical analyses were performed using the SPSS v18.0 (Chicago, Illinois, USA). A p-value of <0.05 was considered statistically significant.
Results
All the patients' baseline characteristics are presented in Table 1 . All patients underwent emergency endoscopy within 24 h of admission. The mean time from presentation of bleeding to endoscopy was 7.6 ± 7 h. One hundred and forty-six patients (62.1 %) suffered from bleeding gastric ulcers (GU), 73 (31.1 %) from duodenal ulcers (DU), and 16 (6.8 %) from both GU and DU. These ulcers had high risk stigmata of hemorrhage (Forrest Ia or Ib, 50.2 % and Forrest II a or IIb, 38.7 %). Among them, 57.4 % were found to have varices without stigmata of recent hemorrhage [esophageal varices (EV): 51.4 %; gastric varices (GV): 0.9 %; combined EV/GV: 5.1 %]. The mean value of the Rockall scoring system was 4.7 ± 1.6 on admission.
The details of endoscopic interventions are also summarized in Table 1 . Endoscopic intervention was performed on all patients with either monotherapy (65.5 %) or combination therapy (34.5 %). All patients received intravenous high dose proton pump inhibitors for 3 days after initial endoscopic hemostasis. The mean length of hospital stay was 14.9 ± 11.6 d. Patients in the antibiotic group had a similar hospital stay when compared with control patients (p = 0.282).
Overall, 48 (20.4 %) patients encountered rebleeding events. Rebleeding rate in the antibiotic group was significantly lower than the control group (3.4 % vs 30.6 %; p <0.001; Table 1 ). On multivariate analysis, the risk factors for rebleeding were higher rockall score [HR = 1.069; 95 % confidence interval (CI) = 1.022-1.120; p = 0.004] and more units of blood transfusion (HR = 1.019; 95 % CI = 1.002-1.037; p = 0.031). Antibiotic prophylaxis has a protective role for rebleeding in these patients (HR = 0.082; 95 % CI = 0.025-0.267; p <0.001) ( Table 2 ). It is interesting that time to endoscopy, high risk bleeding stigmata, and endoscopic therapeutic methods were not associated with rebleeding rate (Table 2) .
Bacterial infections were documented in 46 patients (19.6 %); more patients were infected in the control group (10.2 % vs. 25.2 %; p = 0.005). Infections were confirmed for 9 patients in the antibiotics group (bacteremia in 4, spontaneous bacterial peritonitis in 2, pneumonia in 1 and urinary tract infection in 2). On the other hand, 37 bacterial infections were proven in the control group (bacteremia in 17, pneumonia in 4, spontaneous bacterial peritonitis in 10, and urinary tract infections in 6). The causative organisms of bacteremia were gram- (Table 3) . In-hospital death occurred in 40 patients (17 %). Causes of death were hypovolemic shock in 8 patients (1 in the antibiotic group and 7 in control group), sepsis in 10 patients (3 and 7 patients, respectively) and multiple organ failure in 22 patients (8 and 14 patients, respectively). There was no significant difference in mortality during hospitalization between patients treated with intravenous ceftriaxone (n = 12, 13.6 %) and those in the control group (n = 28, 19 %). The observed survival was virtually identical for both groups (p = 0.112; Table 1 ). The results of the univariate and multivariate analyses for independent risks of death after acute PUB are summarized in Table 4 . The results of univariate analysis showed that decompensated cirrhosis, total bilirubin level, Rockall score, 
Subgroup analytical result for compensated and decompensated patients
By using the Kaplan-Meier approach, the administration of prophylactic antibiotics was not associated with significant differences in in-hospital mortality between our cohort (13.6 % vs. 19 %, p = 0.112 by log-rank test; Fig. 1 ). On the other hand, we observed that the in-hospital mortality was 28.6 % in patients with decompensated cirrhosis and 7.7 % in patients with compensated cirrhosis (p <0.001) following acute PUB. Because the lack of a beneficial effect may be related to the severity of liver disease, we conducted a sub-analysis on the basis of liver decompensation among these cirrhotic patients. The observed in-hospital mortality was virtually identical for both groups of patients with baseline compensated cirrhosis (93.2 % vs. 91.9 %, p = 0.830 by log-rank test; Fig. 2) . However, the administration of prophylactic antibiotics showed significantly reduction of in-hospital mortality of patients with baseline decompensated cirrhosis compared to those without antibiotic prophylaxis (79.5 % vs. 65.6 %, p = 0.034 by log-rank test) after subgroup analysis (Fig. 3) (Table 5) .
Discussion
Multiple factors contribute to the infection of cirrhotic patients with upper gastrointestinal bleeding. Cirrhotic patients usually have host defense defects against bacterial infection [16] . Furthermore, hypovolemia has been reported to increase intestinal bacterial translocation and depress reticuloendothelial system activity [17, 18] . In addition, patients with decompensated cirrhosis have more frequent episodes of infection than those with compensated liver disease [19] . Bacterial infection is associated with failure to control bleeding and patients with recurrent bleeding episodes [20] . An increase in portal pressure and changes in hemostasis induced by infection have been suggested as possible mechanisms [1, 21] . It has been suggested that intestinal bacterial translocation plays an important role in the pathogenesis of many infections. A meta-analysis of 12 trials comprising a total of 1241 patients with cirrhosis and gastrointestinal bleeding demonstrated that antibiotic prophylaxis significantly decreased the incidence of bacterial infections, re-bleeding, length of hospitalization, and mortality [22] . Currently, antibiotic prophylaxis is the standard care for cirrhotic patients with acute variceal bleeding but the prescription of antibiotic prophylaxis in cirrhotic patient with PUB has not been well documented. In order to address this particular issue in cirrhotic patients with PUB, we conducted this hospital-based cohort study for further clarification.
The results of the current study proved the benefit of antibiotic prophylaxis for bleeding peptic ulcers in cirrhotic patients with only 9 of the 88 patients (10.8 %) included in the antibiotic group developing bacterial infections during hospitalization. On the other hand, 37 of the 147 patients (25.2 %) in the control group suffered from a greater number of infectious events. In the multivariate Fig. 1 Actuarial probability of remaining survival in all cirrhotic patients after endoscopic interventions for the ceftriaxone group (antibiotic prophylaxis group) and the nil-antibiotic prophylaxis group (control group) analysis, higher Child-Pugh score, active alcoholism, and no antibiotic prophylaxis were significant predictors of infection development. Bacterial infections have been observed more frequently in Child-Pugh's C patients than in those with Child-Pugh's A or B [23] and active alcoholism can increase host susceptibility to bacterial infection, probably owing to the immunocompromised status following liver decompensation [24] . The bottom line is, the most common pathogens cultured in cirrhotic patients are gram-negative bacilli [15, 20] . The hypothesis Fig. 2 Actuarial probability of remaining survival at different stages of cirrhotic patients (compensated liver cirrhosis). There was a similar probability of survival between compensated patients who were prescribed with intravenous ceftriaxone and those without antibiotic prophylaxis (p = 0.830 by log-rank test) Fig. 3 Actuarial probability of remaining survival at different stages of cirrhotic patients (decompensated liver cirrhosis). A significantly higher probability of remaining survival was observed in those who were prescribed with intravenous ceftriaxone than those without antibiotic prophylaxis (p = 0.034 by log-rank test) behind this could be the onset of infection by intestinal bacterial translocation. In our study, gram-positive cocci accounted for 28.6 % of infections. This was probably because cirrhotic patients with upper gastrointestinal bleeding tended to receive multiple sessions of diagnostic and therapeutic invasive procedures, which in turn resulted in infections with gram-positive cocci [25, 26] .
Overall, the ulcer rebleeding rate observed in the current study (22.3 %) which was higher than those reported in non-cirrhotic patients (3.2 %) [27] or in cirrhotic [27, 28] . However, we observed that rebleeding and mortality do not seem to be associated with time to endoscopy. Although patients in the present study received endoscopy within 24 h, mortality remains high compared to patients without cirrhosis in the literature [29] . The predictors for rebleeding were: a higher Rockall score, more units of blood transfused, and no antibiotic prophylaxis. Again, current study proved the importance of administrating prophylactic antibiotics is crucial in preventing rebleeding in cirrhotic patients. Although presence of high risk bleeding stigmata is well-established risk factor for peptic ulcer bleeding, we didn't find significantly correlation with rebleeding. Several factors might contribute to the discrepant results. First, it is possible that this retrospective analysis depended heavily on the completeness of the medical records and bias could exist. However, we reviewed endoscopic images or videos to determine the severity of the ulcer involved if uncertain chart description of ulcer morphology was encountered. Second, it was probably due to most ulcers belonged to high stigmata (Forrest Ia, Ib: 50.2 % and Forrest IIa, IIb: 38.7 %) in all of our enrolled patients. In fact, current guidelines do not recommend hemostatic therapy for patients with lowrisk stigmata, such as those ulcers with a clean base (Forrest III) or ulcers with flat spots (Forrest IIc) , and even recommend early discharge in selected patients with a low risk of rebleeding after endoscopic evaluation. However, our study failed to show a significant difference in mortality or reduced length of hospital stay between patients who received prophylactic antibiotics and the control group. Probably, other factors such as requirement for mechanical ventilation, length of stay in intensive care unit, multiple organ dysfunction, and underlying comorbidities contributed to longer hospital stays and could be important determinants other than prophylactic antibiotic administration. Our study also clearly showed the increased mortality of patients with decompensated cirrhosis compared to those with compensated cirrhosis, with a quadrupling tripling of mortality risk (28.6 % vs. 7.7 %). Moreover, there was still an increased mortality of patients with decompensated cirrhosis compared with compensated cirrhosis even among patients with antibiotic prophylaxis (20.5 % vs. 6.8 %). Overall, the mortality rate in this study was 17 %. This was higher than those reported in previous studies of PUB [30] . This was not surprising because 44.7 % of our patients had decompensated cirrhosis. Patients with cirrhosis who develop PUB were at increased risk of mortality, and the risk appeared to increase further as patients progressed from compensated to decompensated cirrhosis. This could be due to the fact that patients with decompensated cirrhosis have an increased risk of developing sepsis, multiple organ failure, and death [31] . To our knowledge, our study was the first to compare the outcomes in cirrhotic patients with or without liver compensation who received antibiotic prophylaxis for PUB. Because no beneficial effect of antibiotic prophylaxis may be attributed to the severity of liver disease, we decided to perform a subgroup analysis on the basis of liver compensation by dividing our patients into 2 subgroups. Our results revealed an important message that intravenous ceftriaxone is only of benefit in reducing mortality in decompensated cirrhotic patients with peptic ulcer hemorrhage.
Mortality occurred in 13.6 % and 19 % of patients with or without antibiotic prophylaxis respectively. Only 20 % of the deaths were directly related to the bleeding episode, whilst the remaining deaths were associated with sepsis (n = 40, 25 %) and multi-organ failure (n = 22, 55 %). Despite substantial improvement in PUB management, the mortality in cirrhotic patients remains high, especially among patients with advanced liver cirrhosis [32, 33] . In a recently published study of 10,428 patients with nonvariceal upper gastrointestinal bleeding in non-cirrhotic patients, death was associated with causes directly related to the bleeding episode in only 29 % of cases whilst in the remaining cases, co-morbidity played a fundamental role [34] . In other words, most PUB-linked deaths are not directly caused by the bleeding ulcer itself. This probably explains why routine antibiotic prophylaxis after gastrointestinal bleeding, even though it significantly reduces the incidence of bacterial infections, does not significantly affect the mortality rate. As most mortality occurs as a result of multi-organ failure, this suggests that improved treatments and supportive care should be provided to prevent sepsis complications and key organ failure. On the other hand, three patients died from uncertain causes soon after endoscopy and they were excluded from study. The causes of mortality could not be determined whether they were procedure-related (suffocation, aspiration pneumonia, bowel trauma, incomplete endoscopic hemostasis, as extra), bleeding-related or other causes such as acute myocardial infarction, brain stroke, perforated peptic ulcer, as extra. Therefore, we excluded patients who die within 24 h due to unable to analyses the cause of mortality.
The Rockall score was found to be an independent predictor of in-hospital mortality [11] . It makes séance as it includes both clinical and endoscopic criteria to predict the risk of rebleeding and death. The bottom line is, we used the MELD score, the Child-Pugh classification, and the Rockall's risk scoring system to assess our patients but mortality was surprisingly not related to the severity of liver dysfunction as expressed by either the MELD score or the Child-Pugh classification. Only Rockall scores were associated with rebleeding and death. The effectiveness of the Rockall score as a predictor of in-hospital death in cirrhotic patients with PUB proved to be similar to that reported in non-cirrhotic patients [35] .
A major strength of this study is that it was a welldefined consecutive registered study cohort treated by a standard endoscopic intervention. Patients who received antibiotic prophylaxis were defined as antibiotic group and those who not received were used as historical control. To provide the highest possible level of uniformity and to minimize differences in the entry, only patients who received their initial and subsequent treatment in our unit were studied. The robustness of this study is enhanced by the restriction of subjects to patients without an apparent source of infection at first bleeding episode, strict exclusion criteria and the complete follow-up of the cohort. The use of rebleeding, infection and death as the main outcomes provided consistent and objective endpoints in the study. Unlike other studies, which have included patients at differing disease stages without separate analyses, our study did evaluate the impact of liver function on the efficacy of antibiotics.
Current study encountered some limitations. First, the sample size was small and a single center cohort study. Certain selection biases could exist and must be cautious in extrapolating the results. Multicenter data with a larger sample size is mandatory. Second, the authors also served as data abstractors and could have been biased because they were not blinded which was not possible in this retrospective cohort study. Therefore, exposure bias might be considered a limitation of this study. Third, survivor bias may have occurred in which surviving patients who probably had more opportunities to receive intensive care, such as ventilator support, hemodialysis, repeated endoscopic hemostasis and more blood product transfusions.
Those patients who belonged to control group were enrolled between January 1, 2008, and December 31, 2009. The antibiotic group has been routine practice to prescribe prophylactic antibiotics to cirrhotic patients with gastrointestinal bleeding in our hospital since 2010. This minimized bias in our results, because both cohorts were enrolled according to identical treatment protocol adhering to our hospital policy in our daily practices for PUB population even though during the different period.
Conclusions
This study confirmed the beneficial effects of antibiotic prophylaxis in patients with cirrhosis following APU with the reduced infections and rebleeding events. The study also suggests that antibiotic prophylaxis could improve survival in decompensated cirrhotic patients following acute PUB. The Rockall score was the strongest predictive factor of in-hospital mortality. Further studies directed to explore ways to improve the overall outcome of cirrhotic patients with PUB are mandatory. 
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